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Sliding l^ticulation 

The invention relates to a sliding articulation, which can be used 
in articulated shafts of motor vehicles or the like, having an 
outer hub that surrounds a cavity and has raceways in its inner 
surface, which extend parallel to the axis of the sliding 
articulation, an inner hub accoiranodated in the cavity, which has 
raceways on its outer surface, which extend parallel to the axis 
of the sliding articulation and lie opposite the raceways of the 
outer hub, and accommodate a ball together with these, in pairs, 
in each instance, and having a cage disposed between the outer hub 
and the inner hub, which guides the balls in an axial direction. 

In articulated shafts, which are used, for example, as 
longitudinal shafts or lateral shafts in motor vehicles, to 
transfer a drive torque from the transmission to the drive wheels, 
it is usual to allow a change in length of the shaft for assembly 
purposes or to equalize axial movements during operation. In DE 
199 11 111 CI, for example, an arrangement having a synchronous 
fixed articulation is proposed, which has a slide journal and a 
slide sleeve segment that surrounds the latter, both of which have 
grooves for accommodating balls, which grooves are assigned to one 
another. The slide journal is connected with the slide sleeve 
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segment so as to rotate with it, by means of these balls, while an 
axial movement of the slide journal relative to the slide sleeve 
segment is possible. However, the construction space required for 
such an arrangement is large, because of the separation of the 
articulation from the sliding unit. 

An articulation of the type stated initially is known from DE 
patent 2 114 536, which allows the equalization of angles of 
inclination of two shaft ends, as a synchronous articulation and, 
at the same time, as a sliding articulation, allows an axial 
change of the distance between the shaft ends, relative to one 
another. The cage of this articulation is provided with an outer 
ball surface that is guided in an inner ball surface of the outer 
hub, so that the cage is held in the outer hub in the axial 
direction. As a result, a movement of the balls accommodated in 
the raceways, relative to the outer hub, is not possible, so that 
the balls cannot roll in the raceways, and instead a relative 
movement between the outer hub and the inner hub is only possible 
by means of a displacement of the balls in the raceways of the 
inner hub. Displacement of the balls in the raceways results in 
high friction moments in the articulation, which result in heating 
during operation and more rapid wear. 



wo 2004/018888 PCT/EP2003/007387 

- 3 - 

It is therefore the task of the invention to make available a 
sliding articulation of the type stated initially, in which the 
friction in operation is reduced, while at the same time, it 
allows the relative movement between the inner hub and the outer 
hub that is required for assembly. 

This task is accomplished, according to the invention, in that the 
inner hub is freely displaceable relative to the outer hub, in the 
axial direction, between a first stop and a second stop, over a 
first distance, by means of rolling of the balls in the raceways, 
and displaceable over an additional distance by means of sliding 
of the balls in the raceways. In a defined region, which is 
delimited by two stops, the balls can therefore roll in the 
raceways, in order to allow an axial movement between the inner 
hub and the outer hub. By means of the rolling of the balls in 
the raceways, a friction loss that can be ignored, as compared 
with sliding of the balls in the raceways, is all that occurs. In 
this connection, the distance that the balls can roll in the 
raceways is designed in such a manner that it can absorb the axial 
displacement of the inner hub relative to the outer hub that 
usually occurs during operation. If a greater displacement of the 
inner hub relative to the outer hub becomes necessary during 
assembly, for example, the balls can be displaced by sliding in 
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the raceways over an additional distance, in addition to the first 
distance where the balls roll in the raceways. The friction 
losses that occur in this connection do not result in greater wear 
or heating of the articulation, since this displacement occurs 
only once during assembly. 

Preferably, the cage is freely displaceable relative to the inner 
hub and relative to the outer hub, in the axial direction. In 
this manner, it is assured that the cage does not prevent the 
balls in the raceways from rolling, thereby causing additional 
friction losses between the cage and the balls. 

According to one embodiment of the invention, the cage is guided 
on the inner hub. This can be achieved, for example, in that the 
cage is a folding cage having cage guide ridges that engage into 
the raceways of the inner hub. Furthermore, the cage, also as a 
folding cage, can be provided with cage guide ridges that engage 
in centering grooves of the inner hub, which are formed in the 
ridges between the raceways. 

Alternatively to this, it is possible that the cage is guided on 
the outer hub, for example in that the cage has cage guide ridges 
that project radially outward, which engage in centering grooves 
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of the outer hub that are formed in the ridges between the 
raceways. 

A particularly efficient production of the sliding articulation 
according to the invention is possible if the outer hub is a 
shaped sheet-metal part in which the raceways are formed without 
cutting. In this manner, the weight of the articulation is also 
reduced, so that the centripetal forces generated by the 
articulation and the vibrations caused by them can be kept low 
during operation. 

According to a preferred embodiment of the invention, the inner 
hub has a central bore having a plug-in tooth system. In this 
embodiment of the inner hub, the sliding articulation can be 
pushed onto an appropriately contoured journal, in order to 
produce a connection between the journal and the inner hub that 
displays integral rotation, as well as centering the sliding 
articulation. In this connection, centering of the sliding 
articulation by way of the inner hub is particularly advantageous, 
since lower balance errors occur with the same tolerances, as 
compared with centering by means of a flange on the outer hub, for 
example, thereby producing lower centripetal forces and therefore 
fewer vibrations and noises during operation. 
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The first distance, in which the balls roll in the raceways, is 
delimited, according to the invention, by two stops that can be 
formed by the ends of the raceways in the outer hub. 
Alternatively or in addition, this first distance, in which the 
balls can roll in the raceways, can be delimited by means of one 
or more split rings inserted into the raceways of the inner hub, 
as stops. 

The invention will be explained in greater detail in the following 
on the basis of exemplary embodiments, making reference to the 
drawing. 

This shows: 

Fig. 1 a cross-sectional view of the sliding articulation 
according to a first embodiment. 

Fig. 2 a cross-section through the sliding articulation 
according to Fig. 1, along the line II-II, 

Fig. 3 a cross-sectional view of the sliding articulation 
according to a second embodiment. 



wo 2004/018888 PCT/EP2003/007387 

- 7 - 

Fig. 4 a cross-section through the sliding articulation 
according to Fig. 3, along the line IV-IV, 

Fig. 5 a cross-sectional view of the sliding articulation 
according to another embodiment, 

Fig. 6 an enlarged detail view of a sliding articulation 
according to another embodiment, 

Fig. 7 in a detail, a cross-sectional view through the sliding 
articulation according to Fig. 5, along the line VII-VII. 

The figures show a sliding articulation 1 having an essentially 
cylindrical outer hub 2, an inner hub 3 accommodated in the cavity 
defined by the outer hub 2, and a cage 4, which cage is guided 
between the outer hub 2 and the inner hub 3. In this connection, 
the cage 4 has nine windows 5, which are distributed at uniform 
intervals along the circumference of the cage 4, and in each of 
which a ball 6 is accommodated. 

In the outer hub 2, nine raceways 7 that correspond to the windows 
5 of the cage 4 are formed, which raceways essentially extend 



wo 2004/018888 PCT/EP2003/007387 

- 8 - 

parallel to the axis A2 of the sliding articulation 1. In this 
connection, the raceways 7 are delimited on the one side by means 
of a step 8 of the outer hub 2, and on the other side by means of 
a delimitation stop 9, which is formed by a folded bellows carrier 
10 attached to the outer hub 2. 

In the inner hub 3, as well, nine raceways 11 are formed, which 
run parallel to the axis A3 of the inner hub 3, which coincides 
with the axis A2 of the outer hub 2, as the axis of the 
articulation, when the inner hub 3 is centered in the outer hub 2. 
In this connection, the balls 6 are accommodated in the raceways 7 
and 11 of the outer hub 2 and the inner hub 3, which are assigned 
to one another in pairs, so that the outer hub 2 is connected with 
the inner hub 3 so as to rotate with it, but to be axially 
displaceable. 

In the embodiment shown in Fig. 1 and 2, the cage 4 is provided 
with cage guide ridges 12 that project outward in the radial 
direction, which engage in corresponding centering grooves 13 of 
the outer hub 2. In this connection, the centering grooves 13 of 
the outer hub 2 are formed in the ridges 14 between the raceways 7. 
The cage 4 is therefore guided to be freely displaceable in the 
axial direction, relative to the outer hub 2 and the inner hub 3. 
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The inner hub 3 of the sliding articulation 1 has a central bore 
15 that is provided with a plug-in tooth system 16, in order to 
accommodate a journal, not shown, for integral rotation. The 
sliding articulation 1 can also be centered relative to the 
journal, by way of the bore 15 having the plug-in tooth system 16. 

In contrast to the embodiment shown in Fig. 1 and 2, the cage 4 is 
guided on the inner hub 3 in the case of the sliding articulation 
according to Fig. 3 and 4. For this purpose, the cage 4 is 
configured as a folding cage, i.e. the cage 4 has a wave-shaped 
profile in cross-section, as shown in Fig. 4. In this connection, 
the cage 4 lies on ridges 17 on the outer surface of the inner hub 
3, in certain regions, which are formed between the raceways 11 of 
the inner hub 3. At the same time, the cage 4 projects into the 
raceways 11 of the inner hub 3 with cage guide ridges 18, in 
certain regions, so that the cage 4 is guided on the inner hub 3 
so that it cannot rotate, and so that it can be displaced in the 
axial direction. 

In the case of the embodiment of the sliding articulation 1 shown 
in Fig. 5 to 7, the cage 4 is also guided on the inner hub 3. 
However, in this case centering of the cage 4, which again is a 
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cage 4 configured as a folding cage, on the inner hub 3 takes 
place by means of cage guide ridges 19 that engage in 
corresponding centering grooves 20 that are formed in the ridges 
17 between the raceways 11 of the inner hub 3. 

As is particularly evident from the detail view of Fig. 6, the 
movement of the balls 6 is limited not only by the stops 8 and 9 
in the outer hub 2, but instead, at least one split ring 21 is 
introduced into the raceways 11 on the inner hub 3, as well, which 
prevents the balls 6 from exiting from the raceways 11 of the 
inner hub 3 in the axial direction. The distance between the 
split rings 21, relative to one another, is greater here than the 
distance between the two stops 8 and 9 in the outer hub 2 of the 
sliding articulation 1. 

The balls 6 are accommodated in the raceways 7 and 11 in such a 
manner that they can roll on their center position shown in Fig. 6, 
between the two stops 8 and 9, with a simultaneous displacement of 
the inner hub 3 relative to the outer hub 2. In this connection, 
the center point of the balls 6 can be moved to the left or the 
right over the distance li, from the position shown in Fig. 6, as 
the balls 6 roll, before the balls 6 make contact with one of the 
stops 8 or 9, as shown with a broken line in Fig. 6. In this 



wo 2004/018888 PCT/EP2003/007387 

- 11 - 

connection, the inner hub 3 is displaced relative to the outer hub 
2, in the axial direction, over the distance I2, which is twice as 
great as the distance li, so that the distance I4, by which the 
inner hub 3 can be displaced relative to the outer hub 2 by means 
of rolling of the balls 6, is twice as great as the distance l2- 

If the inner hub 3 is moved to the right in Fig. 6, relative to 
the outer hub 2, the ball 6 makes contact on the outside with the 
stop 9, and at the same time lies against the left split ring 21 
of the inner hub 3 in Fig. 6. Any further relative movement 
between the inner hub 3 and the outer hub 2 is prevented in this 
manner. In the opposite direction, if the inner hub 3 is moved to 
the left in Fig. 6, the ball 6 first makes contact with the stop 8 
of the outer hub 2. However, the ball 6 does not yet lie against 
the right split ring 21 of the inner hub 3 in Fig. 6. This makes 
it possible to displace the inner hub 3 further to the left in Fig. 
6, relative to the outer hub 2, even if the ball 6 has already 
made contact with the stop 8 in the outer hub 2 . When this 
further displacement of the inner hub 3 relative to the outer hub 
2 occurs, however, the ball 6 can no longer roll in the raceways 7 
or 11, respectively, since it already rests against the stop 8 on 
the outside. The further displacement of the inner hub 3 relative 
to the outer hub 2 therefore takes place in that the ball 6 slides 
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in the raceway 11 of the inner hub 3, until the ball 6 makes 
contact with the right split ring 21 of the inner hub 3 in Fig. 6. 
This additional distance over which the inner hub 3 can be 
displaced relative to the outer hub 2, in the axial direction, 
when the ball 6 already rests against a stop 8 of the outer hub 2, 
is indicated in Fig. 6 as la- 
in operation, the ball 6 rolls in the raceways 7 and 11, 
respectively, during axial displacement of +/- I2 from the center 
position of the inner hub 3 relative to the outer hub 2 shown in 
Fig. 6, so that the displacement resistance is minimized. For 
assembly of the sliding articulation 1, however, the inner hub 3 
can be displaced in the axial direction over the distance I3/ 
relative to the outer hub 2, whereby the ball 6 slides in the 
raceway 11 of the inner hub 3. 

The outer hub 2 is preferably formed as a shaped sheet-metal part, 
i.e. the raceways 7 as well as the centering grooves 13, if 
applicable, are made in the outer hub 2 without cutting. The 
raceways 11 in the inner hub 3 and/or the plug-in tooth system 16 
provided in the bore 15 can also be made without cutting, for 
example using a stamping process. 
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Plastic or sheet steel are suitable as materials for the cage 4, 
for example. 

In order to seal the sliding articulation 1, a protective sheet 
metal piece 22 can be provided in the outer hub 2. Furthermore, 
it is possible to seal the sliding articulation 1 towards the 
outside, on the side opposite the protective sheet metal piece 22, 
with a folded bellows 23, which is attached to the outer hub 2 by 
the folded bellows carrier 10. 

The sliding articulation 1 is particularly suitable as a micro- 
angle sliding articulation for low angles of inclination between 
the outer hub 2 and the inner hub 3. In this connection, the 
angles of inclination during operation should be selected in such 
a manner that self -locking does not occur. 
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Reference Symbol List 



1 sliding articulation 

2 outer hub 

3 inner hub 

4 cage 

5 window in the cage 4 

6 ball 

7 raceway in the outer hub 2 

8 stop 

9 stop 

10 folded bellows carrier 

11 raceway of the inner hub 3 

12 cage guide ridge 

13 centering groove 

14 ridge of the outer hub 2 

15 central bore of the inner hub 3 

16 plug-in tooth system 

17 ridge of the inner hub 3 

18 cage guide ridge 

19 cage guide ridge 

20 centering groove in the inner hub 3 

21 split ring 



PCT/EP2003/007387 

- 14 - 



wo 2004/018888 PCT/EP2003/007387 

- 15 - 

22 protective sheet metal piece 

23 folded bellows 



A2 axis of the outer hub 2 

A3 axis of the inner hub 3 

11 displacement distance of the center point of the ball 6 

12 displacement distance of the inner hub 3 relative to the 
outer hub 2 (=2 times li) 

13 additional distance for displacement of the inner hub 3 
relative to the outer hub 2 

14 total displacement distance of the outer hub 2 relative 
to the inner hub 3 while the ball 6 rolls (2 times I2) 



